
NASA TN D-68 

TECHNICAL NOTE 
0-68 

GENERAL-PURPOSE SUBROUTINES FOR THE IBM 650 MAGNETIC 

DRUM DATA -PROCESSING MACHINE WITH ATTACHMENTS 

B y  Vear l  N. Huff, Don N. Turner ,  and Oliver  W’. Reese  

Lewis Research Center 
Cleveland, Ohio 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

WASHINGTON October 1 9 5 9 

(IASA-TN-D-68)  G E B E B B L - E U E E C S E  Z C E R O U I I N E S  N89-30647 
ECE It€ l E l l  650 EJPGNE’IIC LFiirt 
IAXA-ERCCESSIEG B A C B I % E  E l l E  L B I I C B & E H P S  
(bSSA) 4s Uoclas 

00161 U195U65 



IIATIONAL AERONAUTICS ANI) SPACE ADMINISTRATION 

TEC,sNICAL NOTE D-68 
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DRUM DATA-PROCESSING MACHINE W I T H  ATPACHMENTS 

By Vearl N. Huff, Don N. Turner, and Oliver W. Reese 

SUMMARY 

A s e t  of routines has been designed f o r  use with SOAP I1 and basic- 
language programming fo r  the IB l  650 Magnetic Drum Data-Processing Ma- 
chine equipped with f loat ing decimal arithmetic, immediate access s tor-  

d age, and indexing accumulators. I 
r4 u 

The package is  528 words long. It i s  capable of calculating cer- 
t a i n  transcendental and arithmetic functions common t o  most engineering 
problems. 
mats are provided. A console-controlled trace,  bypassing package sub- 
routines, i s  included. Available a l s o  is a 38-word program designed t o  
condense 1-word-per-card SOAP I1 output t o  f ive  words per card. 

Three reading and two punching routines using two common for- 

Execution times of the routines are somewhat less than those f o r  
.I comparable routines i n  the 650 Bell interpretive system. Execution times 

of the f loa t ing  point operations vary between 1/5 and as l i t t l e  as 1/30 
of the corresponding Bell  commands. 

INTRODUCTION 
1 

Two IBM 650 computers have been i n  use at the NASA Lewis Research 
Center since 1956. Since most of the c23ciLafUicns were cf the engineer- 
ing type, a f loat ing d e c W  notation was found advantageous. Success- 
ful use w a s  m a d e  of the B e l l  interpretive system f o r  t h i s  purpose. 
w a s  apparent t h a t  addition of cer ta in  attachments t o  the basic 650 would 
increase the speed and efficiency o f  computation. Accordingly, f loat ing 
decimal arithmetic, high-speed core storage, and indexing regis ters  were 
ins ta l led  i n  1957. 
l o s s  of f l e x i b i l i t y  or convenience, a new s e t  of routines w a s  devised. 

It 

To take advantage of  the  increased speed without 

With the  experience gained using the Bell system, the contents and 
Prime consid- A general s t ructure  of the new "package1' were established. 

erations were f l ex ib i l i t y ,  speed, ease of use, and compactness. The 
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o v e r - d l  system, known as the "653 Rocket Package," i s  an integrated pro- 
gram occupying 528 words of storage. 
programmer (1) cer ta in  commonly used mathematical operations (i .e. ,  s ine ,  
cosine, arctangent, logarithm, antilogarithm, and square roo t ) ,  ( 2 )  easy- 
to-use input-output procedures, and (3) effect ive and economical means 
f o r  locating program e r ro r s  by use of a console-controlled t race.  

\ 

I t s  purpose is  t o  provide f o r  t h e  . 

The package i s  used at Lewis  i n  conjunction with SOAP 11, but use 
i n  basic language i s  equally feasible .  
t o  machine instruct ions throughout t h i s  report  w i l l  be both i n  SOAP I1 
mnemonic form and i n  basic  language. 

I n  v i e w  of t h i s ,  all references 

SOAP I1 

For the benefi t  of those who a re  not familiar with Symbolic Optimal 
Assembly Programming (SOAP), a b r i e f  description follows. 

The programmer who has no access t o  an assembly program such as 
SOAP I1 m u s t  manually assign locations t o  instruct ions and da ta  while 
w r i t i n g  t he  program. 
possible, it i s  a l so  necessary t o  assign these locations very careful ly ,  
i n  accordance with some s o r t  of optimum programming chart .  

I f  the calculations a re  t o  be executed as fast as 

I n  order t o  re l ieve t h e  programmer of t h i s  task,  SOAP I1 was devised 
by S. Poley of IBM. 
vice. This assembly program automatically, and optimally, assigns stor- * 
age locations t o  instruct ions and data. If one wishes t o  r e f e r  t o  a par- 
t i c u l a r  locat ion while wri t ing a program, a "namet1 of not more than f i v e  
l e t t e r s  o r  numbers or a combination thereof may be given t h i s  location. 
SOAP I1 then assigns absolute storage locations t o  these names (mnemonic 
designations), when put through the 650 on an assembly o r  "SOAPing" pass 
p r i o r  t o  program running. 

It requires only a basic 650 with an alphabetic de- 

c 

For exmple, t o  calculate  X+3, the  basic-language program might be 

LOC I OP 

where all locations have been assigned by the programmer. 
programming, one could w r i t e  

I n  SOAP I1 
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where the absolute locations of instructions X and TRREE w i l l  be opt i -  
mally assigned by the assembly process. 

To connect orders t h a t  are  not i n  sequence, corresponding I- 
addresses and locations are  given a name. "AUP" i s  the  standard alpha- 
be t i c  designation f o r  the "10" operation. Similar type mnemonic tri- 
ples  are  used fo r  the other operations. 

Apart from the advantage of being able t o  wri te  an en t i r e  program 
by using mnemonic combinations t o  indicate machine operations and the 
locat ion of data and instruct ions,  the most important feature  of SOAP I1 
is  the automatic assignment of storage locations ( e i the r  named or unnamed 
by the programmer) i n  a manner t o  produce near maximum speed i n  program 
execution. 

Details of t h i s  assembly program have been published i n  IBM Form 
32-7646-1, "SOAP I1 Programmer's Reference Manual." 

GENERAL DESCRIPTION OF PACKAGE 

Location and Number of Storages 

The package uses 528 drum locations (1472-1999), including one read 
band, two punch bands, and one five-word table .  Up t o  a maximum of 20 
core locations a re  used at various times and are not restored t o  t h e i r  
o r ig ina l  content. A l l  three indexing reg is te rs  a re  used, but i n  a l l  
cases the  p r io r  contents of these regis ters  are preserved and restored 
by the package. 
age i n  SOAP I1 output form, with various t i t l e  and comments cards.) 

(Appendix A i s  a one-word-per-card l i s t i n g  of the pack- 

Card Formats 

It was a r b i t r a r i l y  decided t h a t  two card formats should be avai l -  
able t o  the  user of t h i s  package. The f i r s t  i s  the  f a m i l i a r  six-word, 
s e r i a l l y  stored Bel l  card. 
card. This card can contain a s  many as f i v e  words, each with i t s  par- 
t i c u l a r  location. 
par t icu lar ly  when used as input. Both formats may be used at  any time 
e i t h e r  f o r  input or output. 
these cards, and appendix G gives board wiring de ta i l s . )  

The other is ca l led  the "Random location" 

There are  several  obvious advantages t o  t h i s  format, 

(Appendix C shows the detai led contents of 

Contents of Package 

The package contains f ive  transcendental routines (sine, cosine, 
arctangent, logarithm, antilogarithm) and a square-root routine. 
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A loading routine i s  provided tha t  w i l l  accept SOAP I1 output cards 
(self-loading), Bel l  ca rds ,  and Random locat ion cards. 
termixed. Loading stops i f  e i ther  a Bel l  t ransfer  or load hub card i s  - 
read. 
begun or fo r  returning t o  the or ig ina l  loading routine.  

They may be in- 

Provision is  made for reading Bell  cards a f t e r  eomputation has 

Two reading routines are available f o r  Bel l  cards. One stops i f  
the card read i s  not headed f o r  the r igh t  location. 
such a card and reads subsequent cards u n t i l  it f inds the r igh t  one. 

The other ignores 

There are two output routines,  one f o r  each card format. I n  addi- 
t ion ,  the machine "Punch" (71) operation may be used t o  obtain both 
these formats or load-hub cards, depending on the  contents of word 10 of 
the punch band. 

A l l  these routines with t h e i r  mnemonic and absolute drum ent r ies ,  
length, and execution times are l i s t e d  i n  appendix B. 

I n  addition t o  these routines, provision f o r  t racing has been made. 
By proper console switching, the problem may be stopped at  any point and 
put i n  t race  mode f o r  any number of instruct ions.  Package routines a re  
not traced unless desired, i n  which case a one-word modification i n  the 
package m u s t  be made. Trace output is i n  modified Bel l  format. Punch- 
ing rate  is  100 cas& per  minute, the limit of the 533 punch uni t .  

Operating instruct ions are given i n  appendix I. 

USING TRE PACKAGE 

Assume tha t  a problem is ready t o  program; the  sequence of s teps  
i n  determining a solut ion is c lear ly  established, and a flow diagram 
has been made. It i s  now necessary t o  know how t o  en ter  the package 
routines. 

Package Entry 

Entering in to  and exi t ing from any routine i s  very simple, since 
only one order is  required. This order i s  of the  form 

LDD aaaa SQRT 
(69 aaaa 1750) 

b 
I 
c 
C 
C 

where the f i rs t  row i s  SOAP I1 mnemonic language and the second i s  basic \ 

language. With the  argument i n  the  upper accumulator, t h i s  instruct ion 
w i l l  cause the program t o  enter  the package, f ind  the square root of the 
argument, and execute the next instruct ion from "aaaa." Before entering 
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functional routines,  the Esrgument must be i n  the  upper accumulator. 
Since tne r e su l t s  of d1 f lm-ki_ng point operations are  i n  t h i s  location, 
t h i s  i s  a log ica l  requirement. For similar reasons, results of all 
package routines a re  l e f t  i n  the upper accumulator. 

This simplified one-word entry i s  made possible by use of the con- 
ventional l inkagej t h a t  is ,  the f i r s t  ins t ruc t ion  of each package rou- 
t i n e  i s  of the form 

STD LImK bbbb 
(24 1503 bbbb) 

where "bbbb" i s  the next command i n  the routine t o  be executed. There- 
fore ,  an entry of the  type i l l u s t r a t ed  (69 aaaa 1750) ,  cal led the "link- 
age," w i l l  cause the  instruct ion located at "aaaa" t o  be t ransferred t o  
"LINK" i n  the package routine. After completing the routine, control 
i s  then sent  t o  "LINK" (1503) fo r  executing the next instruct ion 
( aaaa" ) . 

Loading 

The package i s  loaded by means of t he  loading routine given i n  
appendix D. 

The standard console se t t ing  "70 1951 1998" w i l l  load (1) the  pack- 
age, ( 2 )  load-hub cards, (3)  Bell  cards, o r  (4 )  Random location cards. 
When the l a t t e r  two a re  read, control i s  t ransferred t o  the package 
loading routine at  1998. I n  a d d i t i o n ,  the  following routine i s  provided 
for loading e i the r  Bel l  o r  Random location cards: 
routine w i l l  continue loading u n t i l  e i t he r  (1) a Bel l  t ransfer  card i s  
read, or ( 2 )  a basic load hub card i s  read. 
only i n  t h a t  it does not rese t  the indexing accumulators. 
put cards w i l l  load; but, i f  a nonload hub card follows, control w i l l  
t r ans fe r  t o  1998. 

LOAD (1950). This 

LOAD i s  d i f fe ren t  from 1998 
SOAP I1 out- 

Reading 

Two reading routines are available, both f o r  Bell  format only. They 
are  used f o r  reading a f t e r  execution of the program has begun. 

(1) RD CK (1900). The "Read and Check" routine imitates the Bel l  
read command. A "key" word must f i r s t  be put i n to  the lower accumulator 
t o  specify the location of the f i r s t  word t o  be read and the number of 
words t o  be read. If the location on the  card (columns 6 t o  9)  does not 
agree with the  location specified by the  key word, a stop "01 0002 1896" 
o c c ~ ~ s .  
la rge ,  a stop "01 0003 1897" occurs. 

If the location agrees but the  word count (column 10) i s  too 
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For example, i f  30 words axe t o  be read, beginning at  locat ion 1234, 
after which the ins t ruc t ion  at  locat ion ABCD i s  t o  be executed, one 
would write : 

., 

RALKEY 
LDD ABCD RD CK 

KEY 00 1234 0030 (key word) 

or, i n  b a s i c  language, 

65 cccc bbbb 
bbbb 69 ABCD 1900 

cccc 00 1234 0030 (key word) 

The upper accumulator must be c l e a r  at entry. 
t o  t h i s  condition a t  e x i t .  

The routine restores  it 

I f  one writes the preceding orders with the  key word 

KJ3Y 00 3234 0030 
(bbbb 00 3234 0030) 

the contents of indexing accumulator A w i l l  be added t o  locat ion "1234" 
before execution. Location "3234" must be punched on the card or a stop 
w i l l  occur, because the comparison is  made before indexing. If indexing 
accumulator A contains 0030, the  30 words w i l l  be read i n t o  locations 
1264 t o  1293. 

A B e l l  t ransfer  card w i l l  be ignored i f  the locat ion checks, and 
the  location w i l l  remain the same f o r  t he  next card. 

(2) RD LK (1920).  The "Read and Look" routine i s  s imilar  t o  the  
"Read and Check," except t h a t ,  i f  t he  locat ion does not check, it reads 
another card, repeats the tes t ,  and continues u n t i l  it f inds e i t h e r  (1) 
a card with the locat ion as specified,  or ( 2 )  a load hub card, i n  which 
case control i s  t ransferred out of the routine. 

If the word count punched on a card of correct locat ion i s  grea te r  

This routine w i l l  - not ignore ex- 
than the  number of words remaining t o  be read, t h i s  routine loads only 
the  number needed and then continues. 
t ra words a t  the beginning of a card and pick up the correct  locations 
from the  following words. Bel l  t ransfer  cards a r e  ignored. 1 

an entry into e i t h e r  "FD CK" or "RD LK," since none are used in te rna l ly  c 

(NOTE: All three indexing accumulators may be used i n  se t t i ng  up 

by these routines.) 
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Punching 
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Two routines are  provided f o r  output, one f o r  Bel l  format, the 
other f o r  Random locat ion cards. 

(1) PUNCH (1930). The "Punch" routine imitates the Bel l  command 
Entry is  similar t o  the  two reading routines i n  punching Bell  cards. 

described. 
the key word (d ig i t  posi t ion 9 ) .  

A control f o r  tabulator  spacing ma;y a lso  be specif ied i n  

The lower accumulator again contains a key word, or specif icat ion,  
indicating (1) tabulator  spacing control (which w i l l  appear i n  column 
80 of the first card punched), (2)  location of the first word, and (3) 
number of words t o  be punched. 

(NOTE: 
i n  appendix H. ) 

A possible arrangement f o r  tabulator spacing control i s  given 

For example, the program 

RAL SPEC 
LDD ABCD PUNCH 

SPEC 06 9000 0055 

or, i n  basic language, 

65 gggg ffff  
f f f f  69 ABCD 1930 
gggg 0 6  9000 0055 

w i l l  punch core from 9000 t o  9054. 
a "6" punch i n  column 80, fo r  tabulator control. 

The f i rs t  output card w i l l  contain 

A location re fer r ing  t o  ar, indexing accumulator w i l l  be modified 
by the accumulator before obtaining the data. ,The location punched on 
the card is  unmodified. 

( 2 )  RMPCH (1940). The Random Punch routine is similar t o  the PUNCH, 
Locations with zero va3ues except t h a t  it punches Random location cards. 

a re  ignored, and searching continues s e r i a l l y  u n t i l  f i v e  nonzero values 
a re  found before a card i s  punched. 
f i ve  words. A three-word entry of the type described is  again required. 
Tabulator spacing control is also available. 

The l a s t  card may have l e s s  than 

Indexing accumulator A only, may be used t o  modify locations t o  be 
punched. Accumulators B and C are  used in te rna l ly  by the routine. 
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Basic Read and Punch 

Occasionally, use of the  preceding reading and punching routines 
may not be e f f ic ien t .  
and Punch (71)  operations direct ly .  

The a l te rna t ive  is t o  use the basic Read (70) 

When Bell cards are read, the s ix  da ta  words go in to  the  first six 
locations of the  read band. When Random locat ion cards are  read, the  
f i v e  data words are  put i n  the  f i rs t  five locations of the read band. ? 

UI cn 
OJ Punching operates i n  a similar manner. Output format is  controlled 

by the contents of punch band word 10, according t o  the tab le  i n  appendix 
c (111). 

Modification of Transcendental Routines 

Sine-cosine. - Although the trigonometric routines were designed 
f o r  arguments i n  radian measure, conversion of the sine-cosine routines 
t o  accept angles i n  degrees can be made with no increase i n  storage by 
changing (1) the word a t  locat ion 1509 t o  "90 0000 0052," and (2)  the 
word at location 1478 t o  "27 7777 7848." 

Arctangent. - To convert the arctangent routine f o r  arguments i n  
d e g r e m a n g e  the word at 1643 t o  "34 9055 1470," (2)  - add 14691 
57 2957 8052, and (3) - add 1470: (Since locations 1469 
and 1470 are outside the region used by the  package, they must be re- 
served for t h i s  purpose.) 

39 1469 1496. 

Logarithm. - The logarithm routine w a s  designed f o r  base e. To 
convert f o r  use with base 10, change the word at  1610 t o  "69 1609 1671." 

Preparation of Input 

If SOAP I1 programming i s  being used, the  first pass ("SOAPing") 
requires loading the SOAP I1 deck, followed by a 13-card "Synonym" deck, 
followed by the program. The "Synonym" deck contains the  mnemonic loca- 
t i o n  of  each package routine with i t s  equivalent absolute drum address, 
and one Block Reserve (BI31) card reserving the  package drum area (1471- 
1999). 
of one-word-per-card self-loading cards. A t  t h i s  time, the  deck may be 
put through a second pass, condensing it t o  f i v e  words per card i n  Random 
locat ion format, by use of a 38-word "Shrinko" deck. Shrinking w i l l  be 
discussed i n  section on "AUXILIARY ROUTINES .I1 

The output from t h i s  pass w i l l  be basic instruct ions i n  the form 
3 

r. 
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9, 

I 
I 
1 

I 

3 
I 

? 

. 
If 5 ~ i r  programming is  used, the program may be conveniently key- 

punched i n  Random-location-card format t o  begiri xi%. 

Execution of  Problem 

With the standard console se t t ing  "70 1951 1998," the  package is 
now loaded in to  the 653, followed by a "clearing" routine, which i n  
turn i s  followed by the program. Transfer of control t o  the first in- 
s t ruct ion of the program may now be accomplished by console-switching, 
using a one-word basic load-hub card (00 0000 rWnr), o r  using a Bel l  
t ransfer  card. A Bel l  t ransfer  card has a zero word count i n  column 10. 
I ts  execution causes control t o  be t rmsfer red  t o  the  location given i n  
columns 6 t o  9 a f t e r  the Bell card number i s  rese t  t o  zero and the prob- 
l e m  number is  read from columns 5, 78, 79, and 80. 

Tracing and Debugging Program 

Details on the procedure fo r  tracing are  l i s t e d  i n  appendix I. 
Tracing may be s t a r t ed  at any point i n  the program and stopped at any 
time by turning d i g i t  1 of the storage entry switches from "9" t o  "8." 

The tracing routine i s  so designed tha t  it w i l l  not t race any of 
the package routines unless desired. I f  such i s  the case, change the 
word a t  location 1931 t o  "00 1616 1846." - 

Trace output i s  i n  E e l 1  format containing the following information: 

Card 
:elm 

1-4 
6-9 

11-21 
22-32 
33-43 
44-54 
62- 65 
68-71 
72-75 

ao 

Contents 

C a r d  number 
Location of instruction 
Instruction 

*Upper accumulator 
*Lower accumulator 
*Distributor 
Indexing register A (sign i n  col. 55) 
Indexing register B (sign i n  col. 66) 
Indexing register C (sign i n  col. 71) 
t'81t Punch (identifies Bell  Trace card) 

* After execution of instruction. 

Debugging i s  made easier  i f  some s o r t  of drum-core clearing routine 
With the drum and i s  used pr ior  t o  loading the package and the program. 

core cleared, it i s  relat ively simple t o  determine i f  and when control 
. 
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inadvertently broke out of the program. One of t he  more comonly used 
clearing routines s e t s  all unused storages t o  "STOP" (01) codes ( i . e . ,  
"01 aaaa 8000," where "aaaa" i s  the  address of the locat ion tha t  has 
been cleared).  

* 

- 
(Appendix F contains an example of such a routine. ) 

ACCURACY AND MA"AT1CAL METHODS 

It i s  important t o  r ea l i ze  tha t ,  i n  general, computations car r ied  
t o  eight f igures  cannot be correct  t o  e ight  f igures.  Consequently, one 
must e i ther  carry greater  precision or accept l e s s  accuracy. The 653 
has been designed t o  compute e f f i c i en t ly  with eight  s ign i f icant  f igures 
i n  floating point arithmetic, o r  t e n  places i n  fixed point operations. 
I n  writing these routines, the advantages of f loa t ing  point arithmetic 
have been used t o  reduce the storage required over t h a t  needed f o r  fixed 
decimd routines,  and consequently a reduction i n  accuracy w a s  accepted. 
The primary source of t h i s  e r ro r  stems from rounding errors .  

A l l  routines are accurate t o  at  l e a s t  seven s igni f icant  f igures.  
The authors expect t h a t  seven are  u s u d l y  accurate enough fo r  those 
cases using eight  f igures f o r  the r e s t  of the  computation. 
accuracy i s  required, one should obtain a more accurate routine. 

If greater  

SQRT (1750) 

The square-root routine uses Newton's i t e r a t ion  method. Rounding 
er rors  i n  trial values sometimes forbid cer ta in  d i g i t s  from being t r i e d  
i n  the eighth placei however, the routine does give the  c loses t  "tryable" 
value. I 

SIN R (1600) 

The s ine  routine yields  seven correct f igures .  Angles requiring 
reduction (containing multiples of 271) w i l l  be expressed t o  l e s s  than 
e ight  s ignif icant  f igures p r io r  t o  entry i n t o  the routine; therefore,  
corresponding errors  . in the computed value w i l l  r e su l t .  
the  resu l t  i s  correct t o  e ight  f igures ,  but rounding er rors  forbid t h i s  
as a generalization. This routine and the one following were adapted 
from B e l l .  

For many angles, 

COS R (1650) 
1 

The cosine i s  obtained by adding sr/2 t o  the argument and entering 
the  s ine  routine. Rounding caused by t h i s  addition, and the l imi ta t ion  
on the sine routine, determine the accuracy. * 
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EXPlO (1810) 
. 

The ant i log base 10 is  obtained a f t e r  separating the  charac te r i s t ic  
and the  mantissa. 
by a polynomial taken from the Bell  routine. 
f igures i n  the mantissa i s  reduced by the number of figures i n  the char- 
a c t e r i s t i c .  The value of the exponent i s  computed from the  value of the 
charac te r i s t ic .  The same number of significant f igures  i s  obtained f o r  
the answer as there  are decimal places i n  the mantissa. Rounding errors  
a f f ec t  the eighth f igure a t  times. 

The value of the antilog is obtained from the mantissa 
The number of s ign i f icant  

EXE' E (1800) 

The value of exponential e i s  obtained by dividing by log, 10 and 
entering the EXF'lO routine. Accuracy i s  l imited by rounding both i n  
t h i s  divis ion and by the  M p l O  routine. 

LNX (1850) 

The logarithm base e routine uses a continued f rac t ion  which, ex- 
cept f o r  a l ternat ing signs, i s  common with the arctangent routine. These 
routines are based on those supplied by D. Sweeney of IBM. Accuracy i s  
about f 3  i n  the  eighth figure.  When the logarithm i s  between M.1 and 
-0.1, it i s  accurate t o  only seven decimal places, since 

I n  x + (x-1) 
x 4 1  

It can be seen t h a t  as x approaches 1, the value of (x-1) (counting 
i n i t i a l  zeros) has the same number of figures as x. Since x has not 
more than eight d e c h a l  places when near 1, (x-1) w i l l  have not more 
than eight decimal places, and may well have l e s s  than eight  s ign i f i -  
cant f igures.  

ASCTN (1700) 

The arctangent routine i s  accurate t o  aboutA5 i n  the  eighth f ig-  
It necessarily gives the principal angle ( i . e . ,  between -n/2 and 

The programmer m u s t  remember t h a t  he might have t o  add 
ure. 
+n/Z radians).  
a multiple of n radians t o  the resul t .  
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AUXILIARY ROUTINES 

Loading Routine f o r  Package 

This 24-word routine loads the package in to  drum locations 1471 t o  
1999. It i s  loaded d i rec t ly  in to  core from four load-hub cards. The 
routine is designed t o  load Random location cards only and can be used 
t o  l o a d  any "shrunk" program even when the package is  not used. 
case, read band 1951-1960 must be reserved and core locations 9030 t o  
9059 must not be used u n t i l  a f t e r  the program i s  loaded. 
D for  a detailed l i s t i n g  of t h i s  routine.)  

I n  t h i s  

(See appendix 

A 38-word routine has been devised for condensing SOAP I1 output 
from one word per card t o  f ive  words per card. 
called "Shrinko," produces Random location cards with orders located i n  
the sequence they were S W e d .  
own condensing process onto eight Random location cards. 
of seven load-hub cards (using the 533 "Rocket Board") loads "Shrinko" 
in to  a table  area not disturbing the SOAP I1 program, so tha t  various 
programs may be SOAPed and shrunk successively without having t o  reload 
the  SOAP I1 deck each time. 

This condensing routine, 

The routine has been subjected t o  i t s  
A loading deck 

I n  shrinking, SOAP I1 comments cards, Synonym cards, and other sim- 
ilar type cards are bypassed. A blank card m u s t  be placed- a t  the end of 
the program being shrunk t o  cause the last card t o  be processed. If it 
i s  des i r ed to  have cer ta in  sections of a program start on a new card, a 
blank card  m u s t  be inserted i n  the program at t h i s  point. (Appendix E 
l i s t s  the "Shrinko" routine i n  one-word-per-card SOAP I1 output form.) 

(NOTl3r Erequently, during the S W i n g  pass, the first and last 
cards of output are  meaningless; t ha t  is, blanks occur i n  the positions 
where card number (cols.  17-20),  location (cols. 23-26), and assembled 
instruction (cols.  31-40) are ordinarily found. 
stops in "shrinking" or i n  d i rec t  loading of the unshrunk program, these 
two cards must be removed.) 

To avoid d is t r ibu tor  

- 

Lewis Research Center 
National Aeronautics and Space Administration 

Cleveland, Ohio, July 13, 1959 

I 
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APPENDIX A 

653 ROCKET PACKAGE 

00 1 
002 
00 3 
004 
00 5 
006 
007 
008 
009 
0 10 
0 1 1  
0 12 

0 14 
015 
0 16 
0 17 
0 1 8  
0 19 
020 
021 

023  
024 
025 
0 2 6  
0 2? 
028  
029  
03Q 
031 
032 

SYN S I N  R 
SYN COS R 
5YH ARCT" 
SYN SORT 
SYN EXP E 
SYN EXPlO 
SYN LNX 
SYN RD CK 
SYN RD tK 
SYN PUNCH 
SYN RMPCH 
SYN LOAD 

BLR 0000 
BLR 1841 
RLR 1941 
BLR 1998 
BLR 1 9 9 0  
REG 89040 
REG C9050  
REG 11392 

REG J1991 
REG K1%5 
REG L1550 
REG .O 1845 
REG P I 9 7 7  
REG R 1 9 5 1  
REG S1672 
REG t 1 8 2 7  
REG X 1 9 0 1  
EQU ONE51 
EQU HALF 
SYN AUX 

THAT ARE UOVED TO 

1600 
1450 
1160 
1750 
1800 
1810 
1650 
1960 
1920 
1990 
1940 
1950 

1470 
1844 
1949 
1999 
1990 
9040 
9050 CORE 
1899 IRSTRUCTNS 

2996 
3970 
1560 1st L 
1845 RAND PCH 
f 986 PUNCH BAND 
1 9 6 0  READ BAHD 

1636 
1918 

XOO 16 
S O 0 0 9  

1537 

COR E 

la80 
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I 

S I N E  COSINE ROUTINE 45 WORDS 
REG B AND C BLOCKS I N  CORE 

AND REG S IS ON DRUM 

0 3% 
0 39 

041 

0 43 
044 
045 
0 46 
0 47 
048 
0 49 
050 
o s 1  
0 52 
053 
0 54 
0 5 5  
0 56 
0 57 
0 58 
0 5 9  

061 
0 62 
063 
0 64 
065 
0 66 
0 67 
0 68 
0 69 
070 
073 

COS R STD LfMC 
FAD P I  02 

S I N  R STD LINK 

S I N 6 1  LDD 
SET COO01 
LDB SO001 
FW R 2 P I  
STU BOO10 
FAD EXP58 
FSB BOOlO 
PAD 8003 
STU BOO10 
FA0 EXP58 
NZU 
BMI S I N 6 3  
RSU ONE51 
FAD BOOlO 

S INB2 RSU 60010 
SINB3 RAU W E 5 1  

FA0 B O O 1 0  

S INB4 FAD 8003 
STU B O O 1 0  
FAD EXP35 
FMP 8003 
S f U  B O 0 0 9  
LDD 8005 
STD C O O 1 0  
R A A  0004 
FMP C O O 0 5  

SIN61 

S I N 6 1  

STPTR 

SIPlf32 

S I N64 
SINE34 

S I  N64 

COO06 
SO006 FAD COO00 A COO07 
SO007 SXA 0001 coooa 

ADD 9ODECS 

STOP TRACE 
LO ORDERS 

01Q CORE 
COMPUTE 
REVOLUTION 
ROUND OFF 

INTERGAL 
PART 

CALC HALFS 
I F  OVER 
HALF RE- 

DUCE ANGLE 

CALC VALUE 
OF SINE 

OF ALPHA 
BY SERIES 

SAVE I NDXA 

1650 
1506 

16 00 

1485 
1488 
1493 
1475 
1528 
15 35 
1515 
1495 
1525 
1483 
1565 
1519 
1473 
1579 
1520 
1472 
1521 

1501 
1481 
1489 
1569 
1523 
1531 
148’1 
1543 
1499 
I877 
18t8  

. 

24 1503 1506 
32 1509 r405 M 

I 
m 
m 26 1503 1485 al 

69 3488 2491 
27 9&50 1493 
89 18?2 1473 
39 1478 1528 
21 9049 3535 
32 1638 15.15 
33 9049 1495 
32 8003 1525 
21 9049 1483 
32 1538 l%5 
44 IS19 1920 
46 1472 1473 
61 1926 1579 
32 9049 1501 
61 9049 1501 
60 1916 1521 
32 9049 1501 

32 8003 
21 9649 
32 1492 
39 8003 
22 9848 
69 8603 
2 4  9659 
80 0004 
39 9034 
32 9249 
51 OQOl 

1481 
1489 
136.9 
1523 
1531 
1487 
l3+3 
1499 
9055 

90S7 

* 

- 

9esh 
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w 

O f 2  
073 
0 74 
075 
0 76 

079 
080 
081  
082 
083 

085 
086  
0 8 1  
088 
089 

90008 #ZA COO09 SIH85 
SO009 FMP BO009 COO06 
SIN85 FMB 80010 

FA8 BOOlO 
R A A  COO10 L I #Kt 

SO001 57 Of96 3350 
SO002 -64 5%3 7150 
SO003 79 68% 7949 
SO004 -46 M l b  5648 
SO005 15 1584 1947 

POWER OF ALPHA 
EQU PI2 PI 02 

R 2 P f  15 9354 9450 
EXP35 00 0000 0035 
EXPS8 00 0000 00 58 
P I  02 15 7079 6831 

1879 40 9058 1533 
rge!2 39 064.3 9055 
1533 39 9049 1486 
1486 32 9049 1615 

RESTOR f X A  1615 80 9059 2573 

FOR 1ST fax? 57 6196 335e 
3RD 1873 6 4  5%3 7150 
5TH 1874 t9 Qd9d 7949 
7 t H  le75 -46 7376 5640 
9TH 18?6 15 3 4 8 4  3947 

1 OVER pr2  1478 15 9254 9450 
1492 86 OQbO 0035 
1538 Of3 0000 0058 
1509 15 7679 6351 
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EXPOWEFIT IAL ROUT f N E  61 WORDS 
USES 
091 
092 
0 93 
0 94 
0 95 
0 96 
097 
098 
0 99 
loo 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
I 1 4  
125  
116 
117 
3. re, 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
13 1 
132 
133 

9040 TO 9059 
EXP E ST0 LIMI: 

EX 1 43 4294 
EXPlO STD Ltlo): 
EX61 LDD 

FMP EX1 

SET 9043 
LDB %bo01 
S f U  9040 
FSB 9043 
BM I 
FAD 9043 
NZU 
PAD 9043 
B M I  EX83 
RAU 9040 
BM I 
LDD EX2 

Xoool  48 9999 
EXB2 LDD 8666 
EX83 R A U  8002 
EX661 RAU 9040 

FDV EX1 
FAD 9058 

EX64 RSU 8003 
STU 9040 
LDO EX3 

EXB5 STD 9041 
FAD HALF 
UFA EXP58 

X0007 SJU 9042 
FAD 8002 

Xfl008 FAM 9040 
STU 9040 
LDD 8005 
STD 9043 
RSA 0007 
RAU 8002 

XOOl7 FMP 9040 
X0002 FAD 9258 
X0003 NZA 9046 
X0004 AXA 0001 
X0005 FMP 8003 
X0006 STU 9040 

EX8 1 

EX8 1 
STPTR 

4830 

EX02 

EX061 

EX64 
EX85 

9952 
EX63 
LINKT 

LINKT 

E X B  5 

9049 

9050 

90 59 
9044 
9045 
9047 
9059 
9048 

EX86 

EXPO 
NENT IAL 
ENTRY 

EXPONENT 
MINUS 
YES 
FIFTY-1 
ALARM 
ZERO 

Iyo 

FIND 

LAMBOA 

SAVE 
I NOXA 

14 80 
1606 
1609 
1810 
1459 
1§32 
15Z7 
1504 
1511 
1-1 
1494 
2 6 2 3  
1477 
15 07 
1561 
16P9 
1522 
290 1 
1545 
251% 
1578 
1583 
17 09 
tbf3 
1581 
1589 
1628 
1484 
fSf3 
1907 
16.65 
1908 
15%7 
14% 
16Q1 
I607 
3563 
3917 
1902 
3903 
3904 
1905 
1966 

24 1503 PbQ4 
39 1409 1659 
43 +ass 4830 
24 1503 1659 M 
69 IS12 1491 cn 
27 9043 zsrt Q, 
09 1901 1504 
2 1  9040 lS21  
33 9043 1-1 
46 t494 1545 
32 9043 1623 
4k 1477 lS?a 
32 9043 1507 
46 1510 1561 
68 9040 1619 
46 I522 1673 
69 1515 162a 
50 OQOO 0052  
68 8666 1516 

60 9040 1599 
34 1609 l?89 

61 8603 1581 
21 9040 1539 
69 1-2 1628 
24 904t 1484 
3 2  1949 1 5 1 3  
02 1538 9049 
2 1  9042 1665 
32 8002 9050 
37 9e40 1507 
2 1  9040 15% 
69 8085 1601 
24 9043 1601 
&1 -07 lS63 
60 8 W P  9059 
39 9WO 9644 
32 9258 9045 
40 9646 9047 
50  b0€91 9059 
39 8W3 9043 
2 1  9646 1623 

I 

m 

60 8082 ista 

32 9058 1573 
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.. 

co co 
Lo 

w 

M 
I 

!3 

134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
1 44 
145 
146 
147 
148 
149 
150 
151 

EXB6 R A A  
R SU 
SRT 
RAU 
AU P 
STU 

EX2 R A U  
FDV 

EX3 RAU 
HALF 50 
xooo9 93 
X O O l O  25 
X O O l l  17 
X0012 72 
XO013 25 
X0014 66 
X0013 11 
X O O l b  10  

9043 
9042 
0002 
8003 
9040 
9040 
9058 
9040 
8001 
0000 
2642 
549 1 
4211 
9517 
4393 
2730 
5129 
0000 

9041 

L I NKT 
LINKT 

0050 
6747 
8048 
2049 
3749 
5750 
8850 
2851 
00 51 

1613 
1571 
1479 
1635 
1593 
1651 
1575 
1383 
1542 
1949 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 

00 9043 1571 
6 1  9042 1419 
30  0002 1635 
60 8003 1593 
10 9040 I651 
2 1  9040 9041 
60 9058 1583 
34 9040 1573 
60 8001 1573 
5 0  0000 0050 
93 2642 6747 
25 5491 8048 
I? 4211 2049 
72 951f 3749 
25 4393 5750 
66 2730 8850 
11 5329 2851 
10 0000 0 0 5 1  

c 
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SQUARE 

155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
It1 
172 
173 
174 
175 
176 
177 
178 
179 

18 1 
182 

ROOT ROUTINE 25 WORDS 

SORT 

so001 
so002 
SOU03 
SO004 
S O 0 0 5  
SO006 
SO007 

SO008 
SO009 

REG 51941 
EQU STOP 
STD LINK 
LDO 
$ M I  STOP 
NZE 
STU COOOO 
SET COO01 
LBB SO001 
SRT 0002 
RAU 8002 
MPY 00050 
SUP 8002 
AUP 1ST E 
A t 0  8002 
STU COOlO 
RAU COOOO 
FDV COO10 
FAD C o o l 0  
FMP COO09 
SUP coo10 
NZE COO08 
RAU C O O 1 0  
AUP COOlO 

5 0  0000 

0050 60 0000 
1ST E 70 0000 

1949 
L 000 5 

STPTR 

L I N K T  

coo01 
coo02 
COO03 
C O O 0 4  
COO05 
COO06 
COO07 

LIRKT 
coo01 

0050 

0050 
0025 

CUTOFF EXP 

HALF EXP 
SAVE DEC 

GET N 
D I V  BY R 
ADO R TO Q 
D I V  OY 2 
TEST FOR 

END 

ONE HALF 

lf50 
1656 
1159 
1663 
1516 
1723 
1678 
1544 
1701 
1809 
1482 
1591 
1S49 
1941 
1942 
1943 
19.44 
1945 
1946 
1947 
1751 
194% 
1949 

1562 
1594 

24 1603 1656 
69 1 t S 9  1491 
46 1554 1663 
45 1816 1573 
21 9049  1723 
27 9050 1478 
08 1941 1544 
30 0602 It01 
60 8002 1809 
19 1562 1482 
11 8002 1591 
10 1594 1549 
15 8002 9050 
2 1  9059  9 0 3 1  
60 9049 9052 
34 9059 9053 
32 9059 9054 
39 905% 9055 
11 9059  9056 
45 9657 1751 
60 9659  13?3 
10 9039 9050 
50 0000 OOSO 

M 
I 
u1 
CE 
CD 

60 0- a050 
70  Ode0 0025 
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M 
8 

F9 
u 

ARCTAN 
185 
186 
1 8 1  
188 
189 
190 
191  
192 
193 
194 
195 
196 
197 
198 
199 
2 00 
201 
202 
2 0 3  
2 04 
205 
2 06 
2 07 
2 08 
209 
210 
2 1 1  
2 12 
213 
2 14 
215 
2 16 
2 17 
218 

ROUT I NE 
ARCTN STD LIPR 

L DO 
NZU 
STU COO06 
RAM 8003 
RAU 8002 
STD COO03 
FDV COO06 
STU COO05 
RAU COO03 
SRT 0002 
AUP 8002 
RAU 8003 
TLU L O O 0 1  
ALO 
R A L  0005 

LO006 RAU COO06 
LO007 RAU COO03 

LDQ 8002 
LO008 RAU COO03 

F A 0  K 4  
STU C O O 0 4  
RAU COO03 
FSB K4 
FDV COO04 
LDD P I 4  

FDV COO03 
LDD PI 0 2  

FDV COO03 
FAD P I  0.2 

A R C l  STD COO01 
STU COO03 

LO009 RSU K 4  

L O O 1 0  RSU K4 

ARCTAN ROUTINE CONSTANTS 
2 2 1  P I  E 2  15 7079 
2 22 P I 4  78 5398 
223 LOO01 47  2500 
224 LO002 5 0  4142 
225 LO003 5 1  2414 
2 26 LO004 53 1500 
227 LO005 99 9999 

S f P f R  
L I PlKT 

8002 
8002 

L I NUT 

A R C l  

ARC 1 

ARCl 

ARC2 

Colvl 

6351 
1650 
0000 
1356 
2136 
0000 
9999 

1700 
1106 
1859 

SIGN ON X 1718 
1621 
1529 

ABS VAL X 1637 
OVER 1643 
X IN C0805 1496 

E XPON ENT 
ON FRONT 

MASK 

F I N D  
X MfNWS 1 
OVER 
x PLUS 1 

F I N D  MINUS 
1 OVER X 

P I N D  
PI OVER 2 
MI NUS 
1 OVER X 

PT 0 0 0 2 5  
SORT2 1 
SQRT2 1 
15 0 

1603 
1611 
1567 
1625 
1633 
1505 
1508 
I555 
1555 
1763 
1551 
1115 
1645 
I653 
IWI 
16% 
1498 
1558 
1??3 
1476 
1559 
1823 
1526 
1669 
1675 

1509 
1801 
1550 
1551 
1552 
1553 

UPPER t M f  1554 

24 1503 
69 1859 
44 1?13 
2 1  9055 
67 8003 
60 8002 
2 4  9052 
34 9055 
2 1  9054 
66 9052 
30 0602 
18 8002 
60 8 0 0 3  
84 1558 

65 0005 
60 9055 
60 9052 
69 8002 
60 9052 
32 1518 
2 1  9058 
60 9052 
33 1918 
34 9053 
69 1801 
6 1  1514 
34 9052 
59 1509 
6 1  1Sl8 
34 9052 
3 2  1 5 C 9  
24  9050 
21  96952 

a5 1508 

1706 
1491 
1573 
1621 
1529 
1637 
1643 
1496 
1603 
1611 
1567 
1625 
1633 
1505 
8002 
8002 
1 if3 
1963 
1669 
1715 
1645 
1653 
1661 
1695 
1498 
1669 
I f f 3  
t4 f6  
1669 

1526 
1605 
1615 
1483 

taza 

15 1079 6351 
1 8  5398 1650 
47 2500 W O O  
50 4142 13% 
5 1  2414 2156 
55 1500 O W  
99 9999 9999 
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LN x RtPurrrYE 
232 LN X 
233 
234 
235 
296 
237 
238 
2 3 9  
240 
241 
242 
243 
244 
245 
246 
247 
2 48 
249 
250 
251 
2 5 2  
253 
254 
255 
254 
237 
258 
259 

FOR 653 
STD LINK 
L OD 
LDD X0016 
STD COO05 
NZU 
B M I  LO005 
SRT 0002 
ALO EXP52 
STL C O O O l  
SLO 8001 
ALO 51EXP 
SLT 0002 
STU COO02 
RAU C O O O l  
FSB 5 1 W K  
FMP tNlO 
FAD LN3 
STU COOOl 
RAU COO02 
FAD K 
STU COO03 
RAU COO02 
FSB K 
FDV COO03 
FAD 8003 
A t 0  8001 
STU COO03 
RSU 8002 

LN X ROUTINE CONSTANTS 
262 EXP52 00 0000 
263 S l E X P  5 1  0000 
264 511NK 5 1  0000 
265 K 3 0  0000 
266  t#10 23 0258 
267 LN3 10 9861 

STPTR 

LOO05 

COM 
UPPER 

00 52 
0000 
00 52 
0051  
5151 
2351 

EXPON I N  
LO PUT I N  
FLT NOTATN 
CLEAR LO 
NUM IN UPR 
ADD 51 EXP 

SUB 51 FRM 
EXPONENT 
MUL LM 10 
AbD LN 3 

X MINUS 3 
OVER 
x PLUS 3 

EQUALS Y 
FORI4 2Y 
Y IN LOWER 
2Y I M  9003 
MINUS Y I N  

1850 
l?% 
1610 
1671 
1527 
16% 1 
1685 
164 1 
1599 
1806 
re13 
1721 
3577 
1735 
1493 
1923 
1826 
165 5 
1863 
l T t 3  
1851 
1660 
I617 
1502 
1705 
1’165 
If43 
1602 

2 4  
69 
69 
24 
44 
46 
30 
1s 
20 
16 
15 
35  
21 
60 
31  
39 
32 
2 1  
60 
32 
2 1  
60 
39 
34 
32 
15 
2 1  
61 

1503 
1616 
1916 
90 54 
1631 
1554 
006 2 
1644 
9050 
a001 
1%6 
Q002 
9051 
9050 
1544 
1S76 
I629 
9050 
9051 
t S t 4  
9052 
9051 
1474 
9052 
8003 
8001 
9052 
8002 

1’756 
1491 
1671 
1927 M 

1554 
168s 0, 

1641 
1599 
Z8Q6 
1813 
l t 2 1  
1577 
1735 
1693 
1923 
1626 
1659 
’1.863 
lt71 
I851 
1640 
1611 
1502 
1105 
1785 
1743 
1602 

I cn 
0, 

ihag 
L 

1644 06 0000 0052 
IS66 5 1  6600 OCIUO 
1346 5 1  0000 0052 
Z4?4 30 OD00 0051 
1576 23 02§8 5131 
1629 10 9841 2351 
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a3 
W 
m 
w 

LN ARCTAR C o "  ROUlf#E 
2?2 COU FMf 8901 
2?3 STU COO02 
2P4 FHP K 1  
275 FA0 K 2  
2 t Q  FW C O W 2  
277 FAD K 3  
2t8 FW COO82 
2 f 9  FA0 K4 
280 SfU COO04 
2 8 1  RAW COO02 
282 FMP K5 
283 FAD K 6  
2 84 FMP COO02 
285 FAD K 7  
286 FHP COO02 
287 FAD K4 
288 FDV COO04 
289 FMP COO03 
29 0 FAD COO01 
291 ARC2 FNP COO05 

c OMMON 
2 94 
2% 
2 96 
297 
298 
a99 
3 00 

CONSTANTS 
K 1  81  5850 
K2 73 42455 
K 3  16 1538 
K4 99 9999 
K 5  17 0496 
K6 39 5804 . 
K 7  12  8205 

Y SQUARE0 

FORM 
MUM ERA TOR 

QUOT f ENT 
MULT BY 2Y 

ARC2 
LINICT 

8249 
D 5 0  
4651 
9950  
ff49 
2050 
1351 

Nun 4 
NUM 3 
NUPl 2 

M83 
tI% 
2?93 
1W 
Pt2S 
3738 
1657 
1710 
1745 
I t 0 3  
1711 
1564 
1694 
1497 
I627 
1480 
1793 
1548 
1652 
1605 

14% 
1-9 
1661 
13123 
1514 
1167 
1508 

39 8061 13% 
21  9051 1793 
59 1496 1446 
32 f#9 1725 
39 9051 It20 
32 f 6 S Z  1657 
39 9651 1710 
32 1518 It45 
2 1  9053 I t 0 3  
60 9031 IT11 
39 1524 1364 
32 3 4 l t  fb?4 
39 9Q53 f497 
32 1500 1627 
39 9851 1488 

34 9053 1*48 
39 9052 1652 
32 9050 160s 
39 9854 1573 

32 1Eiu it96 

6 1  §W%j 8249 
73 9265 ?350 
16 15% -5'1 
99 9999 9850 
ff 04% 1%9 
39 3804 2058 
12 8285 3351 

. 
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RESERVATIOUS FOR IRPWT OUTPUT 
TO BE USED I #  PAClCACE ASSEMBLY 

3 05 REC L1W1 
386 EQU J W N  
3 07 EQU TESTC 
TRACE ROUTINE 
STORAGE ASSICWENTS 
310 EQU PBAND 
311 EQU LOC 
312 EQU I N S T  
3 13 EQU UPPER 
3 14 EOU LOWER 
315 EQU D I S T  
326 EQU INOXA 
317 EQU INDXB 
318 EQU IRDXC 
3 19 EQU WO CD 
320 EQU CO Ho 

1 a44 
1990 

L o o 0 1  

f M 1  
T W O ?  
T W O  1 
TOQO 2 
T O W 3  
f-64 
TO60 5 
TOO0 8 
TWO6 
TWO9 
TU5 10 

BUNCH BAND 

8000: 00 LOC 1999 C0NSQi.E SETTNC 
3 23 1999 STD D I S T  
3 24 STL LOWER 
325 STU UPPER 
3 26 RAM 8000 
327 SRT 0004 
328 STL I ADD 
329 LDD XSTTR 
33 0 STD ST TR P4 
331 PCH T STD D I S T  P CH TT 
3 32 PCHTT STL LOWER 
3 33 STU UPPER 
334 LDB 8005 
335 STD INDXA 
3 36 LDD 8006 
337 STD INDXB 
338 LDD 8007 
339 STD INDXC PCH2T 
340 PCHZT PCH PBAND P4 
3 4 1  P4 LDO 8000 
3 42 801 TRHLT 
343 LDO I ADO 
344 STD LOC 
345 RAU CD l'Q0 
346 AUP ONE 0 

STORE 800X 

FIN0 LOC 
FROM 8000 
STORE 1 

AM)R€SS 
TRACE E X I T  
STORE 80OX 

STORE I M O X  
ACCUM 

PCH TRACE 
I F  CONSOLE 
1938 E X I T  

FROM TRACE 
SAVE LOC 
NUMBER CD 

1999 
l f 3 8  

It31 
1589 
1699 
I&% 
1-54 
1702 
2783 
2982 
t?Sl 
t a t  
1534 
1490 
1797 
I f U  
IC185 
1719 
1775 
1530 
l l Q 7  
15.66 
1691 

ism 
24 la30 1733 
20 1929 1532  
PI 1828 1?31 
6f 88oc) 1589 
30 0004 1699 
20 1753 1856 
69 1760 1%3 
24 1616 lf19 
24 1830 1?83 
20 1129 1592 
21 u 2 a  1781 
69 aoos z a 7  - 
24 1831 1334 
69 8006 1490 
2 4  1834 1737 
69 8007 1744 

I1 1827 lt19 
59 8000 1775 

69 1743 1701 
24 1833 lb06 
60 1836 1691 
10 1794 1749 

24 m a  1085 

91 itta 1530 
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CD 
tL) 
Lo 

w 

. 

347 sf7il CD m 
340 P5 TR RAM I &SD 
349 SLT 04304 
350 AL6 XmD 
351 STL f R S T  
352 RAW UPPER 
353 ALU LOWER 
3 54 ST TR LIS DIST 
INSTR AT NEXT2 PTR 
3 56 PTR STD IWST 
3 5 7  LDD 8OQ3 
338 S I A  I AgQ 
359 SL@ 8001 
36 0 ALQ XIkm 
361 STL ALTER 
362 P3 SLQ X 5 0  
369 BM I 
3 64 ALO X 1 Q  
365 BUf M B R  
BRARCH ORDERS 
367 R A t  ALTER 
368 LDCS 8603 
369 SDA 0 HH.3 
3 7 0  Std) 8001 
37 1 ALQ X O M S  
3tz STL ALTER 
373 NQRBR RAW UPPER 
374 ALO LOWER 
3 7 s  LDD OIST 
ALTER OP DATA PCH T 

P5 T R  

ST TR 
INST 

P3 

P 3  

NONBR 

ALTER 

r f  BRANCH OCCURS GO TO DATA 
378 DATA RAL D AB0 
379 SRT 6604 
38 0 STL I Mi@ PCli2T 

DEFIHITIOBS 
38 9 TRHLT LfM3 O f S T  I A@@ 
384 XSTTR L o 8  DIST I NST 
385 XORD RAW 0-0 PTR 
386 X I m D  00 om0 P a  T 
387 XD- 88 DATA oodo 
OF ROUTINE FOR BRANCH OEIMRS 
3s9 X50 50  0000 0000 
3 9 0  x10 10 0000 0000 

LOAD IEW 

STORE I AD 
CLEAR I AD 
AM) NEW TA 
STOW ALTER 

TEST FOR B 

DATA AOQR 

ORDfR 

INSTR 

w so ALT 

ldS0 
3-1 

STORE 0 AD 15- 
CLEAR B AD lT46 
AOD NEW bA 18@3 
STORE ALTR 1&&4 
RESTOR UPR f?55 
EXCUTE CMRD 1- 

11- 

. 



24 

39 1 CD )so 08  0000 0000 
FORMAT OF TRACE CARDS 
393 WD CO 00 0007 000 8 

ENTER TRACE I F  CWSCbk P1 1s 9 
AND EXECUTE THE ORDER AT LfRK 
IN EITHER CASE 

399 
406 
401 
402 
403 
404 
405 
406 

LIEOKT LDQ 8oQQ 
Em1 LIfM 
STD DtST 
LBO XSTTR 
STD ST TR 
LDD X L I M  
STO I ADO PCHTT 

XLIlSK 00 0000 LINK 

408 STPTR STD NEXT1 
409 LBO TRHLT 
410 STD ST TR NEXT I 

KEY C W T R L  16% 

1835 

IS CWSOL 2573 
XX XXXX XX 367’9 

1- 
3?% 
2 6 6 4  

SET INSf It69 
ENTR TRACE 1925 

fStZ 

1499 
l t99  
1931 

69 
91 
24 
69 
24 
69 
24 
00 
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INPUT OUTPUT ROUTINE 

415 8000 70 1951 1998 
416 A U X  70 1951 1998 
417 1998 R A A  0000 
418 R A B  0000 
419 R A C  0000 LD1 

w 421 LBB 10003 
42 2 SET C O W 7  
423 LB8 10007 WCT 
LOADED PART OF PROGRAM IN CORE 

a3 co 
m 

I 42 0 LD1 SET COO07 

426 

7 42 8 
429 
430 
431 
432 
433 
434 
435 
4 36 
437 
438 
439 
440 
441 
442 
443 
444 
445 
446 
447 

449 
450 

448 

WCT RAU R O O 1 0  
COCO7 B Y 1  RLCAD 
RLOAO RSL 8003 

150 8003 
SDA R O O 1 0  
S t O  BO01 
SLT 0004 
STL WDCT 

1 R A L  XRAL 
ALO WDMVD 

8002 R A L  ROO06 
2 ALO XSTD 

AUP XLDZ, 
AUP WDMVO 

8003 LDD R O O O l  
8002 STD LOC 

T E S T l  RAU WDMVD 
AUP ONE 0 

ENTER STU WOMVO 
SUP WDCT 
NZU 1 

ONE D 00 0001 
X R A L  RAL ROO06 
XSTD STD 0000 
XLDO LBO R O O O l  

452 BELL N2U READ2 
'YES GO S T A R T  PRCRLEM 
453 STU C A P O N  
454 L O O  R O O 0 8  
455 S T 3  PRO@ 
456 PAU ROO07 

C0087 
BELL 

ENTER 

8002 
2 

8 003 
8002 

TEST1 

ENTER 

CbOO8 
0000 

2 
TESTl 

8002 

CrnSQL, SET 89Q9 
AUX F?'TRY 1537 
CLEAR I N D X  I998 

ACCS 1604 
1860 
1622 
3727 

CHANGE a 1547 
t%?i3 

1654 

57134 
37&1 

F IX WD 18 1&.38 
CLEAR DADO 1714 
SHIFT LEF3 l Q 2 l  
WORD COUNT 1632 

a 754 
WORD MOVED 3764 

8002 
1811 
1849 
lTT7 
8003 
0802 
2686 
1871 
1590 
1620 
1791 
I f 9 4  
3?Q8 
1814 
1672 

f.5 WCT 0 I864 
CLEAR CARD 

NUMBER 1666 
STORE PROB 1608 

NUVSER 1861 
1817 

7'6 l%2 I998 
70 1951 1998 
80 0000 1604 
8 2  0000 1860 
8 8  0003 1622 
27 9056 1?2? 
08 %&94 1541 
2 3  '3056 3853 
0 8  1898 1654 

66 80183 I T 6 1  
69 ~01x13 1618 
22 1960 1714 
16 8081 1821 
35 M04 1432 
20 1837 1990 
6 5  1708 1764 
1 5  176'7 0002 
6 5  3951 1811 

10 1612 l??? 
10 T7bf 8003 
69 l%l 8002 
24 1833 1686 
60 1?6? 1831 
10 IT94 1590 
2 1  1767 1420 

44 It54 9057 
00 0001 0008 
65 19% 1811 
24 O W  1686 
69 1951 8062 

1s 11634 1 ~ 6 9  

11 t a n  l a m  

44 1798 1666 

21 1819 1808 

24 1664 1817 
60 1957 1961 

6 9  1958 1861 
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457 5)T.T 0004 
4-8 S f b  CIM LPNKT 

4'JO RL: CK STD LXfJK 

452 LOO XRDCK IWttO 
46 3 XRDCK 08 10003 CHECK 

TRACE 

REA9 BELL CARDS CHECKIMG 

I M f L O  IS ROWTlNE TO INTERPRET 
THE CONTENTS OF THE LOWER AMI3 
IS COW4OP4 TO ALL INPUT OUTPUT 

469 
470 
47z 
4'32 
4 f 3  
474 
45 5 
476 
4 7? 
4 F8 

XWTlD STD RLIRU 
L 00 :'PPTR 
LDZ) 0633 
SDA coo05 
SLT 0004 
SDA COO06 
SRT 0002 
RAU 8003 
SRT 0002 
SE? COQOf R t  f NK 

ORDERS THAT ARE MOVED TO CORE 
FOR EXECUTIBFi READ LQAD PUNCH 
482 10001 00 QQOO (CHECK 
483 I0002 LBO COO08 BELL 
484 IO003 BPlI C 8 8 0 8  BELL 
485 10004 RAU COO06 R D 2  
486 1 0 0 0 5  HL? 0002 I OQ05 
487 10006 HLT 0003 I0006 
48 8 10007 B M I  RLOAD BELL 
489 1 0 0 0 8  RCD R O O 0 1  WCT 

COMMQN 
492 
493 
494 
49 5 
494 
497 
498 

TO READ LOGK AND CHECK 
CH€CK RAU COO05 READ 
READ RCD R O W 1  

SUP ROW7 
NZE COO09 CK WD 

CK WO RAU COO06 
SUP R O O 1 0  
BMI COO10 RDALL 

CWW TO LOAD LCK)K AND CHECK 
MOVES THE WORDS 
502 RDALL STU COO06 
S 03 RAU ROO10 REA02 

CK FOR 

ENTER TO 

STOP TRACE 

1ST WORD 

NUMBER WDS 

C O W 9  RDLK 
COO10 RDLK 
COO07 RD 
COO08 RD 
COO09 RDCK 
COO10 RDCK 
COO07 LD 
END BANOLD 

CK 1ST ABD 

CK TO MANY 
WORDS 

ST NO WDS 

1%1 
I921 

2900 

1 &58 
1612 

f%15 
1971 
2524 
178 0 
1736 
1647 
1834 
166% 
19'19 
1975 

1892 
1893 
1894 
1895 
1696 
189f 
1898 
1899 

I393 
1855 
1712 
1762 
I. B&7 
2676 
1865 

1630 
3927 

24 164% 197% 
$9 1924 1491 
69 a003 1730 
22 9054 Et36 
35 0004 1657 
22  9055 1854 
30 0002 1642 
30 $043 1919 
so 0002 i975 
t? 9856 1668 

00 O m  1597 
69 9857 1804 
46 9057 1884 
60 9055 1805 
01 0002 18% 
01 0003 1897 
46 1704 1804 
70 1951 1654 

60 9054 1055 
70 1951 lTT2 
31 I957 1762 
44 9838 1847 
60 9653 Ibf6 
11 3%0 1885 
46 9059 1670 

2 1  9055  192'1 
80 1960 3758 
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Ld 

P 
: 

. 

5 04 
505  
5 06 
507 
508 
509 
510  
5 1 1  
5 1 2  
513 
5 14 
515 
5 16 

READ2 AWP ROO07 
S f U  COO05 
AUP X S T D l  
STU C O O 0 4  
SUP ROO10 
A t 0  XLW1 WCT 0 

8002 LDD ROO01 8003 
8 0 0 3  STD 0000 R D 1  

RD1 A t 0  ONE 0 

WCT 0 SUP COO04 
AUP 8 0 0 1  WCT 0 

BZU COO08 
AUP 8001 8002 

C O O 3 8  RAU COO06 RD2 I F  
COO08 RCD RGOOl WCT I f  

520  X L D D l  LDD R O O 8 1  8003 
52 1 X S T D l  STD 0000 RD1 

4 23 RD2 NZU CHECK LINKT 
COMMAND 

SEEK BELL CD OF CORRECT LOCATN 
527 RD LK STD L I N K  
5 28 L DO I RT LO 
5 29 L B 6  I0003 LOOK 

5 3 3  LOOK SET COO09 
5 34 LBB IOU01 m;:51C 
5 35 LK1 STD R O O 1 0  CK WD 
5 36 ONE 0 00 0001 01300 

5 38 LOAD LDD STPTR 
5 39 RCD R O O 0 1  LOP 
LOADS CARD NO CHECK BELL OR 

RANDOM LOCATIONS LOOKS FOR 
TRANSFER CARD 

TEST FDR 
END WOVE 

READING 
LOAD1 PIC 

GO TO NEXT 

FIX WD CT 

S T W  TRACE 

IT70 
1574 

laor 

1920 
1962 
1766 

1691 
f 964 
1816 
lt94 

1950 
1560 

38 1957 1822 
2 1  9054 1720 
110 1974 lY29 
2 1  9053 1687 
11 1%0 la16 
13 1970 1726 
63 1951 8603 
24 0600 1862 
1% 179-4 1849 
16 8801 1 4 2 6  
13. 6053  1'984 
44 193t 935'1 
19 8801 8032 

2 4  1503 1942 
69 lf66 Id15 
08 1894 T Q 9 t  

27 905% 1964 
OS 1892 1597 
24 2960 1867 
00 0001 0000 

69 1560 1491 
7 0  1951 1622 



5 46 
5 47 
1 NThO 
5 49 
5 5 0  
5 5 1  
5 5 2  
5 53 
5 5 4  
5 55 
556 
557 
5 58 
5 5 9  
560 
969 
562 
563 
5 54 
5 6 5  
566 
567 
568 
569 
570 
571 
5 72 
573 
574 
5 7 5  
5 7 6  
577 
518 
579 
58 0 

5 8 2  
5ai 

PUNCH STD LINK 
LDD P C H l  1 ryvic? 

'IRlfERP LOWER RETRN PCHl 
P C H i  LDD WDCT6 

STD PO009 
LDD PROB 
STD PO608 
LDD COO85 

PCH3 STD PO007 
ALO CARON 
ALO ONE D 
SDA CARDN 
STL PO016 

MZERO RAU COO06 
SUP WDCT6 
BMI LESS6 

P C H 4  STU COO06 
RAU PO009 
SRT 0004 
AUP XMOVE 
ALO XLOC 
A t 0  COO05 

MOVEW AUP 09999 
8002 LOD LOC 
8003 STD PO007  

JOOOO RAU COO06 
J O O 0 l  RAU COO06 
J0002 ALO ONE D 
J0003 ALO ONE 0 
J0004 ALO W E  0 
J0005 ALO ONE D 
J 0 0 0 6  ALO ONE P 
PCH2 PCH PO001  

MZE 
RAU PO007 
AUP PO609 
STU COO05 

PcH3 

!G!€RO 

PCH4 

MOVEW 
8002 
8003 

JOOON 
Pal2 
PCHZ 
MOVEW 
MQVEW 
MOVEW 
MOVEW 
MOVEW 

L IHKT 

PCH3 

START HERE 1930 
1866 

1820 

1638 
lfIL8 
I987 
1747 
1784 
1674 
1768 
1722 

IS NO OF 1689 
WORDS LESS 1797 

I f 7 9  
1884 
1891 
I t 3 9  

SET TO W V  1818 
M WORDS 1929 

1688 
1647 
8002 

1990 
1993 
199 2 
1993 
1994 
1995 
1996 
1997 

IS IT DONE 1780 
1934 
1756 
1789 

1928 

a003 

2 4  1503 1866 
69 1820 1815 

69 1624 192% 
2 4  1985 31638 
69 1864 1?18 
24 1964 198t  
69 YO54 1747 
2 4  39656 l?8% 
15 1819 lbt4 

2 2  1819 1722 
20  1906 1609 
68 9055 1799 
11 1624 1'779 
46 1682 1884 
2 1  9055 1091 
60 1985 1739 
30 0604 181t3 
10 1772 1929 
15 lP32 1688 
15 9054 1047 
10 1Q68 8002 
69 2833 8003 
24 1w3 1990 
60 9 0 5 3  1997 
60  9055 3997 
25 1794 1847 
15 lP94 1847 
15 1794 1847 
15 I?94 184f 
13 1794 1047 
71 19t7 It80 
45 1934 15?3 
60 1983 IT38 

2 1  9054 1147 

15 it94 1768 

io 1985 1789 
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I :  5% 
585 
5 86 
587 
588 
589 
590 
5 9  1 
592 
593 

595 
5 96 
597 
5 98 
5 99 
6 00 

LESS5  .SAL c-6 
STD P O 0 0 9  
SRT 0004 
A t 0  XCLER 

K O O O l  S f u  PO001 
K O 0 0 2  STU P O 0 0 2  
KO003 STU PO003 
KO004 STU PO004 
KO005 STU PO005 
KO006 S f U  PO006 

XCLER 00 0000 
WDCT6 00 0006 
9999 00 0000 

XLOC LDD 0000 
XMOVE STD PO000 

EQU LOC 

8002 
KO002 
K 000 3 
K 0004 
K 000 5 
KO006 
PCH4 

KO001 
0000 
9999 
8003 

JWO1 
0000 

&4&2 
ks9!9 

CLEAR ZERO lTS8 
l8fO 
1365 
1- 
1967 
1968 
1969 
1910 

65 
24 
30 
15 
21 
2€  
2 1  
21 
2 1  
21 

it58 
3870 
8002 
z%4 
t%7 
1968 
1969 
1970 
1884 

1’124 00 OOM 1945 
I624 00 OW6 0600 
1868 00 OOdO 9999 
2?32 69 Wi30 8803 
1TtZ 24 1976 I991 
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OUTPUT ROUTINE 
RANDOM LOCATION CARDS WITH 
ZERO VALUES OMITTED 

605 
606 
607 
608 
609 
610 
611 

613 
6 14 
615 
616 
617 
6 1 8  

6 2 0  
621 
622 

6 24 
6 25 
ti26 
627 

629 
630 
631 
632 
633 
6 34 
635 
636 
637 
638 
634 
640 
44 1 
6.42 

RMPCH STD L I N K  
LDD 8006 
STD COO03 
LDD 8007 
STD COO04 
RAC 8002 
LDD hlf LO 

LBB LO881 
STL COO06 
RSB 0004 
RAL COO05 
A t 0  PCHX ENT 1 

E N T l  STL COO05 
LOCAT I ON 

ALO XRAU 8602 
8002 RAU LOC 0000 1 
00001 NZU MOVER COO07 

TESTC EQU L O O 0 1  
TESTC SXC 0001 

NZC F I N S  
R A L  COO05 
ALO ONE D E N T l  

MOVER STD PO005 B 
RAL COO05 
STD PO010 B 
NZB PCHS 
AXB 0001 COO07 

PCH5 BMI PLUS 
§LO COO06 BOTH 

PLUS ALO C O W 6  BOTH 
BOTH STL PO010 

RAL RMCDN 
ALO ONE I 
S f L  RMCON 

SIA PO009 
LDD pa009 

SAVE INDEX 
ACC B AND 
C 

NO OF WDS 
I N  c 

COO04 fS 
SOL 80 
LOCAT I OIY 

COO03 IS 
CURRENT 

COO07 HAS 

MOVE WD 

I 9  CARD 
FULL YET 

F I X  COL 80 

NUMBER CDS 

1940 
1822 
I f 8 2  
1838 
1598 
1922 
1882 

I935 
1648 
19f2  
1932 
1889 
1698 

1774 
8002 
hi345 

1841 
I748 
1324 
1936 

1824 
1888 

1939 
1642 
1848 
1776 
I826 
I938 
1989 
1926 
1976 
1640 
1690 

a798 

I G  
I cn a 
0 2 4  1503 3822 

69 8006 1782 
24 9 0 5 2  1838 
69 8007 1598 
24 9053 1922 
88 8002 1 8 8 2  
69 1935 1815 

0 8  1841 1648 
20 9055 1972 
83 0004 1932 
65 9054 1889 
15 1592 1558 
20 9054 1774 

15 lt8.S 8002 
6 0  0000 1845 
44 1624 9056 

5 9  0001 1748 
48 1924 1974 
65 9054 1936 
15 lt94 1696 

2 4  5901 
6 5  9054 
24 5986 
42 1642 
52 0001 
46 1776 
16 9055 
1 5  9055 
20 1986 
65 1692 
15 1988 
20 1692 
69 1985 
2 3  1985 

1888 
l f 9 8  
1939 
1848 
9056 
1 8 2 6  
I938 
1 9 3 8  
1989 
1926 
1976 
1640 
1690 
1740 
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643 . 644 
615 

647 
b48 
649 

a3 cc) Q5 0 

w 652 
663 
634 
655 
656 
657 
658 

m 

PCH Po4301 
RSB 0004 COO08 

LO002 STU COO04 COO07 

O)I(E I 00 
XRAU 59 
PCHX 00 
RFICDN 00 

FINS SET 
L E8 
RSL 
STL 

L O O 0 3  LDD 
LO004 R M  

WAC 

0000 000 1 
9999 02001 
0006 8000 
0000 000 

NUMBER 
Cot307 
L W 3  
PCHX 
C 000 5 COO07 

8008 MOVER 
C O W 3  
c0684 L I BKt 

Pt'!!CH CARD 
COO08 HAS 

LOO02 

ONE INSTR 

RANDOM CD 

CHARGE 
ORDERS 
FOR FINS 

RESTOR 
INDX &CC 
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Mnemonic 
en t ry  

SIN R 
COS R 

E X P E  
EXPlO 

LNX 
ARCTN 

SQRT 

RD CK 
RD LK 
LOAD 

PUNCH 
RMPCH 

APPENDIX B 

TABLE OF ROUTINES 
__- 

DiXlIl 
entry 

1650 

1810 

1700 

1750 

1950 
1998 

1930 
19 40 

iumber of 

storages 
drum 

us ea 

45 { 

{ 
102 { 
25 

93 f 
51 
48 

Core 
storages 
used 

9048-9059 
9048-9059 

9040-9059 
9040-9059 

9050-9054 
9050-90.5.5 

9049- 9059 

9050- 9059 
9050-9059 
9050-9059 
9050-9059 

9050-9059 
9050- 9059 

Execution 
time," 

rnillisec s 

145 (192) 
145 (192) 

190 (137) 
160 (187) 

174 (202) 
190 (238) 

140 (206) 

(b 1 
(b 1 
(b 1 
(b 1 

(4 
(4  

Yimes i n  parentheses are  for comparable B e l l  650 

b533 Read-Feed l imited (200 cards per min) . 
'533 Punch-Feed l imited (100 cards per  min). 

routines.  

M 
I ul 
0, 
W 
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Word 1 location 
Word 1 (col. 15 i s  sign) 
Word 2 location 
Word 2 (col. 30 i s  sign) 
Word 3 location 
Word 3 (COI. 45 i s  sign) 
Word 4 location 
Word 4 (co l .  60 i s  s i g n )  
Word 5 locat ion 
Word 5 (col. 75 is s i g n )  
(Not read) 

APPENDIX C 

CARD FORMATS 

Word 
numbei 

6 
1 
7 
2 
8 
3 
9 
4 
10 
5 

a3 
to 
Lo 
I w 

Lo 
I 

p9 u 

I. Bel l  input card format: 

Card 
column 

1- 4 
“5 
“6- 9 
10 
11- 2 1  
22-32 
33-43 
44-54 
55- 65 
66-76 
77-79 
80 

Card contents 

Card number 
Part  of problem number 
Location of word 1 
Word count 
Word 1 (col. 11 is sign) 
Word 2 (col. 22 i s  sign) 
Word 3 (co l .  33 i s  sign) 
Word 4 (col .  44 i s  sign) 
Word 5 (col. 55 is sign) 
Word 6 (col .  66 is  sign) 
Problem number 
Tab. space control 

%olumns 5 and 6 must be punched. - 

Read band contents 

Word 
number 

9 
8 
7 

10 
1 
2 
3 
4 
5 
6 
8 
9 

Digits used i n  word 

8-5 (D-address) 
8 
8-5 (D-address) 
5 
10-1 
10-1 
10-1 
10-1 
10-1 
10-1 
7-5 
9 

Bel l  output fo-mat i s  the same as input. Information i s  punched 
from the same word arrangement as used for reading except t h a t  words 9 
and 10 are interchanged. 

11. Random location input card format: 

Card 
column 

1-4 
5-15 
16-19 
20-30 
31-34 
35-45 
46-49 
50- 60 
61- 64 
65-75 
7 6- 80 

C ard contents 1 Read band contents 

Digits used i n  word 

8-5 (D-address) 

8-5 (D-address) 

8-5 (D-address) 

8-5 (D-address) 

8-5 (D-address) 

10-1 

10-1 

10-1 

10-1 

10-1 
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X 

Output format i s  the same as input, except t h a t  the card number i s  
put i n  word 9 (posit ions 4 t o  l), and column 80 i s  wired t o  punch from 
position 9 of word 10. The f i rs t  column of any locat ion w i l l  be blank 
i f  the sign of the locat ion i s  negative. 
back, say two words only, make the sign of word 8 negative. This causes 
the f i r s t  column of the  t h i r d  locat ion t o  be blank, l imi t ing  loading t o  
two words. 

Thus, t o  punch out and load 

Output format 

M 
I 
rn  
m 

111. Output i s  controlled by word 10 of the punch band according t o  
the  following t a b l e  I 

(no It 8" ) 

Sign over un i t s  
Suppress plus signs 
Load hub cards 
Random locat ion cards 
Bell  Trace format 
Bell  format 

"X" 
example, i f  word 10 contained 

i s  the d i g i t  posi t ion o f  am "8" i n  word 10 of t he  punch band. For  

00 0000 8000 

Random location cards would be punched. 
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Card 

- 

APPENDIX D 

Location Operation Data Instruction Remarks 
address address 

SOAP Basic 

8000 70 1951 1998 Console s e t t i n g  

LOADING ROUTINE: FOR ROCKET PACKAGE 

I 

Q 
CD 
m 

0030 

I w 

Constant (=1) 

UI 
I 

8 

1 
2 
3 
4 
2 
2 
2 
2 
2 
2 
2 
3 
3 

3 
3 

3 
3 
3 

- 

- 
- 
4 
4 
4 
4 
4 

4 

1951 
9050 
9040 
9030 
9051 
9052 
9053 
9054 
9055 
9056 
9057 
9041 
9042 

9043 
9044 
8002 
9045 
9046 
9047 
8003 
8002 
9031 
9032 
9033 
9034 
9035 

9036 

RCD 
RCD 
RCD 
RCD 
RAM 
LDD 
SDA 
SLO 
SLT 
STL 
STU 
sup 
NZU 

RAL 
ALO 
RAL 
ALO 
A u p  
AUP 
LDD 
STD 
RAL 
STD 
LDD 
RAU 
AUP 

70 9050 
70 9040 
70 9030 
70 1951 
67 1960 
69 8003 
22 1960 
16 8001 
35 0004 
20 9058 
21 9059 
11 9058 
44 9043 

9050 
9040 
9030 
9051 
905 2 
9053 
9054 
9055 
905 6 
9057 
90 41 
9042 
9030 

65 9031 
15 9059 
65 1956 
15 9032 
10 9033 
10 9059 
69 1951 
24 0000 
65 1956 
24 0000 
69 1951 
60 9059 
10 9036 

00 0001 

9044 
800 '2 
9045 
9046 
9047 
8003 
8002 
9034 
9045 
9034 
8002 
9035 
9057 

Read load cards 2, 3, and 4 

Reads package cards 
Loc "n" & word count i n  

Posit ion wdct. t o  D-addr. 
8002 

of lower & store a t  9058 

Diminish wdct. Finished 

Read next package card 
s tor ing t h i s  card? Yes - 

Storing routine 

Word locat ion i n  lower 
Mask added t o  lower 

Word i n  d i s t r i b u t o r  
Word locat ion i n  lower 

Mask 
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Word C a r d  1 C a r d  2 

1 69 1952 1953 70 0111 0111 
2 69 0102 0101 69 0104 0103 
3 24 0111 1954 69 0106 0105 
4 70 0201 0201 69 0108 0107 
5 70 0111 0111 70 0111 0111 
6 
7 
8 

APPENDIX E 

ROUTLNE FOR LOADING "SRRINKO'' DECK 

C a r d  3 

24 0227 0202 
69 a003 0234 
24 0228 0203 
16 8001 0102 
24 0229 0204 
20 0233 0202 
24 0230 0205 
11 0233 0103 

Word C a r d  5 C a r d  6 

1 24 01111955 66 1960 0227 
2 70 0201 0201 35 0004 0229 

4 15 0207 0232 
5 10 0106 8003 
6 09 0000 0000 
7 65 0231 0203 
8 00 0001 0000 

3 44 0107 0201 

C a r d  4 

24 0231 0202 
65 1956 0104 
24 0232 0203 
10 0204 0105 
24 9234 0205 
22 1960 0228 

Card 7 

70 1951 0101 
21 0106 0230 

69 1951 8002 
60 0106 0206 
10 0108 0202 
24 0000 0205 
00 0000 0000 

15 0106 a002 

M 
i 
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4 

c 

00 1 BLR vi53 
002 B t W  0000 
003 REG Mol01 
004 RE6 NO127 
00 5 EQW NQQQN 
0.0 6 EQU N005N 

SOAP PACKAOIlPB ROUTINE 
H fCICMME0 SHRI HRO 

011 
0 12 
0 15 
0 14 
015 
0 16 
0 17 
0 18 
0 19 
020 
021 
022 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
030 
031 
032 
033 
0 34 
0 35 
Of6 
037 
0 38 

040 
0 41  
042 
0 43 

SOAP 

047 
0 48 
049 
050 
0 5 1  
052 
0 53 

MOO08 70 MOO11 
M O O 1 1  RAU M O O 0 1  

SUP XTEST 
NZU MOUUO 
RAL XRPK6 

STORE S f L  L I M P  
STORA RAU XSTDV 

AUP ONE D 
$TU XSTDW 
LDD MOO04 

8003 STD NOUQN 
MOO13 AUP XSTDL 

LDB MOO03 
8003 STD N005N 

MOO14 SUP XFINS 
XRPKC NZU MOO00 
HOO1S RAL NO010 

LDD PCONT 
SW NbOlQ 

COUNT RAL NUMBR 
EQU ONE I 
A t 0  W E  I 
STL NUMBR 
LDD NO009 
S f A  NO009 
PCH N O O O l  
LDD XSTO 
STD XSTDV 

H O O P 2  RSL PCONT 
STL MOO03 
SMI MOO04 
R A L  XCLR 

Z99? 
0100 
Of25 
0 136 

N 0060 
NO006 

MOO12 

STORE 
STORA 

8003 
MOO 13 

8003 
MOO 14 
L INKP 
MOO15 

COUHT 

XSTDL 

HOOOO 

STORE 

0 54 X C t R  NZU STORA COUNT 

XTEST 69 1954 1953 
XSTD STD NO000 MOO 13 
XSTDV 24 NO600 MOO13 
XSTDL 00 0005 000 1 
XFINS 24 NO010 MOO14 
ONE b 00 0001 0000 
W M 8 R  00 0080 000 

RD COMMAND 
I S  T H I S  CD 
TO BE LOAD 
YES RD WXT 

MODIFY 
STOR NUMB 
COMMAND 

WHEN CARD 
I S  FULL 
PUNCH I T  

OlQo 
0111 
0153 
0116 
0120 
01337 
0144 
0151 
0117 
0150 
8003 
0113 
0124 
8003 
0114 
0123 
0115 
0142 
0 148 
0139 

NUMBER THE 0149 
CARDS 0125 

0146 
0138 

PUNCH CARD 0140 
INIT IALIZE 0152 

0121 

PUT ZEROS 0132 
I N  UNUSED 0153 
OF OUTPUT 0157 

0122 

015% 
0156 
0147 
0118 
0119 
0 154 
0143 
0126 

70 Of11 0112 
60 0101 0155 
11 0158 0116 
44 0100 0120 
65 0123 0137 
20 0141 0144 
60 0147 0151 
10 0154 0117 
2 1  0147 0150 
69 0104 8003 
24 Of26 0113 
10 0118 0124 
69 0103 8003 
24 0132 0114 
11 0119 0141 
44 Old0 0115 
65 0136 0142 
69 0145 0148 
22 0136 0139 
65 0143 0149 

1 5  0118 0125 
20 0143 0146 
69 0135 0138 
23 0135 0140 
71 0127 0152 
69 0156 0121 
24 0147 0100 

66 0145 0153 
20 0103 0157 
2 1  0104 0122 
65 0126 0137 

69 
24 
24  
00 
24 
00 
00 
44 

1954 
0126 
0126 
0005 
0136 
0001 
0000 
0 144 

1953 
0113 
0113 
OUOl 
0114 
0000 
0000 
0139 
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Load card 1 

M U  1955 1952 
RAC 1450 1953 
RAB 0022 1954 
RAA 0000 1958 
KLT 1471 8000 
SET 9260 1957 
STl3 6000 9006 
RCD 9000 9000 1 8 

Load card 2 Load card 3 

STU 9259 9001 NZC 9007 8000 
SUP 9005 9002 SXC 0050 9008 
SXA 0001 9003 RAE3 0050 9009 
SXB 0001 9004 RAA 0000 9000 
NZB 9000 1956 
00 0001 0000 

RCD 9006 9006 

APPENDIX F 

CLEAR ROUTINE 

Load card 4 

RAU 1952 1953 
HLT 9050 8000 
RAA. 0059 1954 
STU 9200 1955 
SUP 1956 1957 
00 0001 0000 

NZA 1958 1537 
SXA 0001 1954 

This  four-card c l ea r  routine clears  drum (0000 through 1471) and 
core (9000 through 9059) t o  "01 aaaa 8000," where llaaaal' is the address 
of t he  par t icular  locat ion cleared. 

. 
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Storage entry C 

Word 1, col. 11 is s ign  
Word 2, col. 22 i s  s ign 
Word 3, col .  33 i s  s ign 
Word 4, col. 44 i s  s ign  
Word 5, col. 55 i s  sign 
Word 6, col. 66 is s ign  
Word 7, positions 8 t o  5, e m i t  s ign + 
Word 8, positions 8 t o  5, e m i t  s ign + 
Word 9, positions 9 t o  5, emit s ign  + 

Positions 4 t o  1 of words 7, 8, 9, 
Word 10, position 5, e m i t  s ign + 

and 10 wired t o  emit zero 

533 CONTROL PAlEZ ("ROCKET BOARD") WIRING IKX!RUCTIONS 

I. R e a d  card C is used for reading B e l l  format cards. The word 
posi t ions a r e  numbered from t h e  r i g h t  (see 650 Manual of Operation, 

Word 
s i z e  

entry C 

10 
10 
10 
10 
10 
10 

8 
8 
9 
5 

p. 10): 
0 

I 
'0 n R e a d  card C 
3 

. 

11-21 
22-32 
33-43 
44-54 
55- 65 
66-76 
6- 9 

5, 77-79 
80, 1-4 

10 

11. Read card B i s  used f o r  reading Random loca t ion  format ca rds r  

Read card B 
(card column) 

Storage entry B 

5-15 
20-30 
35 - 45 
50- 60 
65-75 
1-4 

16-19 
31-34 
46- 49 
61- 64 

76-80 

Word 1, col. 15 is  s ign  
Word 2, col. 30 is  s ign  
Word 3, col. 45 is s ign  
Word 4, col. 60 i s  s ign 
Word 5, col. 75 is  s ign  
Word 6, positions 8 t o  5, emit sign + 
Word 7, positions 8 t o  5, e m i t  s ign + 
Word 8, positions 8 t o  5, emit sign + 
Word 9, positions 8 t o  5, e m i t  s ign  + 
Co-selector 1 transferred points 

(U,  1 t o  4) (Location by col. and 
row corresponds t o  f i g .  51, p. 59 
of 650 Manual) 

Not wired 
Words 6 t o  9 emit zero i n t o  posit ions 

4 t o  1 

Word 
s i z e  

2ntry B 

10 
10 
10 
10 
10 

8 
8 
8 
8 
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Selector wiring for determining and entering the word count i n  
word 10, and insuring t h a t  word 10 is  a legi t imate  word i s  as follows z 

Co-selector 1 common ( W ,  1 t o  4) t o  word 10, posit ions 8 t o  5, 

Word s i z e  of word 10, entry B, i s  8 
Co-selector 1 normal (V,  1 t o  4) wired t o  emit d i g i t s  8000 

storage entry B 

(V, 32 and 31). 
t o  preserve t h e  negative s ign f o r  a branch on minus tes t . )  

(This guarantees a nonzero value i n  word 10 

Emit  zeros t o  word 10, posit ions 4 t o  2,  storage entry B 
E m i t  s ign  of word 10 minus (V, 28) 
P i lo t  se lec tor  1 common (K, 23) t o  word 10, posi t ion 1, storage 

P i lo t  se lec tor  1 normal (J, 23) t o  emit zero 
P i l o t  se lec tor  1 t ransfer red  (H, 23) t o  p i l o t  se lec tor  2 common 

P i l o t  se lec tor  2 t ransfer red  (H, 24) t o  p i l o t  se lec tor  3 common 

P i lo t  se lec tor  3 normal (J, 25) t o  e m i t  2 (W, 21) 
P i l o t  se lec tor  3 t ransfer red  (H, 25) t o  p i l o t  s e l e c t o r  4 common 

P i lo t  se lec tor  4 normal (J, 26) t o  emit 3 (X, 21) 
P i lo t  se lec tor  4 t ransfer red  (H, 26) t o  p i l o t  se lec tor  5 common 

P i lo t  se lec tor  5 normal (J, 27) t o  e m i t  4 (Y, 21)  
P i lo t  se lec tor  5 t ransfer red  (H, 27) t o  emit 5 (2,  21) 
P i lo t  s e l ec to r  2 normal (J, 24) t o  e m i t  1 (V, 21) 
F i r s t  reading col. 1 (A, 23) t o  load (B, 21) 
F i r s t  reading col.  1 (A, 23) t o  col. s p l i t  (2, 34) 
Col. s p l i t  0-9 (Y, 34) t o  D pick p i l o t  se lec tor  1 (F, 23) 

Co-selector 3 pick (R, 25) t o  co l .  s p l i t  X-12 (X, 34) 
Co-selector 3 common (w, 11) t o  wit 9 (w, 34) 
Co-selector 3 t r a n s f e r  (U, 11) t o  entry B (D, 21)  

entry B 

(K, 24) 

(K, 25)  

(K, 26) 

(K, '27) 

F i r s t  reading col. 1 6  (A, 38) t o  D pick p i l o t  se lec tor  2 (F, 24) 
F i r s t  reading col.  31 (B, 33) t o  D pick p i l o t  s e l e c t o r  3 (F, 25) 
F i r s t  reading col. 46 (C,  28) t o  D pick p i l o t  s e l e c t o r  4 (F, 26) 
F i r s t  reading col. 61 (D, 23) t o  D pick p i l o t  se lec tor  5 (F, 27) 
Couple p i l o t  se lec tor  5 (G, 27) t o  eo-selector pickup 1 (S, 23) 

Digit impulse (Q, 21) t o  d i g i t  se lec tor  common (P, 21)  
F i r s t  reading col. 15 (A, 37)  t o  col.  s p l i t  (X, 33) 
Col. s p l i t  (Z, 33) t o  entry B (D, 22) 

Hold f o r  p i l o t  se lec tors  1 t o  5 (P, 23 t o  27) and eo-selectors 1 
and 3 (U, 23 and 25)  a r e  wired t o  read hold (T,  39). 

m 
03 
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111. Punch card C is used to punch B e l l  format cards and Trace 
for?r?&. cards t 

Punch card C 
(card column) 

11- 21 
22-32 
33- 43 
44-54 
55- 65 
66 

67 
68-72 

73-76 
6- 9 

5,77-79 
10 

80.1-4 

For Trace cardst 
t 

Storage exit C 

Word 1, col. 11 is sign 
Word 2, col. 22 is sign 
Word 3, col. 33 is sign 
Word 4, col. 44 is sign 
Word 5, col. 55 is sign 
Co-selector 7 common (w, 59) 
Co-selector 7 normal (V, 59) to word 6 

Word 6, position 10 
Co-selectors 6 & 7 common (W, 54 to 58) 
Co-selectors 6 & 7 normal (V, 54 to 58) 

Word 6, positions 4 t o  1 
Co-selector 6 common (W, 50 to 53) 
Co-selector 6 normal (V, 50 to 53) to 

Word 8, positions 8 to 5 
Word 9, position 5 
Word 10, positions 9 to 5 

sign (AG, 64) 

to word 6, positions 4 to 1 

word 7, positions 8 to 5 

Co-selector 6 transfer (U, 50 to 53) to word 7, positions 
Co-selectors 6 and 7 transfer (U, 54 to 57) to word 8, 

Co-selector 7 transfer (U, 58) to word 6, sign position 
Co-selector 7 transfer (U, 59) to word 8, sign position 

positions 4 to 1 

4 to 1 

An 8 in position 9 of word 10 causes Trace cesdr. to be punched by 
means of control information: 

Control information (AK, 56) to co-selectors 6 and 7 pick (R, 28, 29) 
Co-selectors 6 and 7 hold (T, 28, 29) to punch hold (R, 39) 
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I V .  Punch card B i s  used t o  punch Random locat ion cardst  

Punch card B 
(card column) 

5-15 
20-30 
35-45 
50- 60 
65-75 
1 

2- 4 
1 6  

17-19 
31 

32-34 
46 

47 - 49 
61 

62- 64 
76-79 
80 

Storage ex i t  B 

Word 1, col .  15 is s ign 
Word 2, col. 30 i s  s ign 
Word 3, col. 45 is  s ign 
Word 4, col.  €0 i s  s ign 
Word 5, col. 75 is  s ign 
P i l o t  se lec tor  6 common (K, 28) 
P i l o t  se lec tor  6 normal (J, 28) 

Word 6, posit ions 7 t o  5 
P i l o t  se lec tor  7 common (K, 29) 
P i l o t  se lec tor  7 normal (J, 29) 

Word 7, posit ions 7 t o  5 
P i l o t  se lec tor  8 common (K, 30) 
P i l o t  se lec tor  8 normal (J, 30) 

Word 8, posit ions 7 t o  5 
P i l o t  se lec tor  9 common (K, 31) 
P i l o t  se lec tor  9 normal (5, 31) 

Word 9, posit ions 7 t o  5 
P i l o t  se lec tor  10 common (K, 32) 
P i l o t  se lec tor  10 normal (5, 32) 

t o  word 10, posi t ion 8 
Word 10, posit ions 7 t o  5 
Word 9, posit ions 4 t o  1 
Word 10,  Dosition 9 

t o  word 6, posi t ion 8 

t o  word 7,  posi t ion 8 

t o  word 8, posi t ion 8 

t o  word 9, posi t ion 8 

P i lo t  se lec tor  6 I pick (G, 28) t o  s ign  word 6 
P i lo t  se lec tor  7 I pick (G, 29) t o  s ign  word 7 
P i lo t  se lec tor  8 I pick (G, 30) t o  s ign  word 8 
P i lo t  se lec tor  9 I pick (G, 31) t o  s ign  word 9 
P i lo t  se lec tor  10 I pick (G, 32) t o  s ign word 10 
Co-selector 2 pick (R, 24) t o  punch X impulse (A, 43) 
Co-selector 2 common (W, 6) t o  punch hold (R, 39) 
Co-selector 2 t ransfer red  (U, 6) s p l i t  w i r e  t o  t r a n s f e r  of p i l o t  

selectors  6 t o  10 inclusive (L, 28 t o  32) 
P i lo t  s e l ec to r s  6 t o  10 common (N,  28 t o  32) t o ' p i l o t  se lec tor  hold 

6 t o  10 (Q, 28 t o  32) 
Co-selector 2 hold (T, 24) t o  punch hold (S, 39) 
Control information 4 (AK, 61) t o  punch B (D, 43) 
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V. Punch card A is used to punch Load format cardsr 

Punch card A 
(card column) 

1 

2-10 
11-20 
21-30 
31- 40 
41-50 
51- 60 
61-70 
71-80 

Storage exit A 

Col. split common (AM, 52) 
Col. split 0-9 (AL, 52) to word 1, 

Col. split 12-X (AK, 52) to emit 12 
position 10 

(S, 43); wire DI (Q, 43) to common 
(R, 43) 

Word 1, positions 9 to 1 
Word 2 
Word 3 
Word 4 
Word 5 
Word 6 
Word 7 
Word 8 

Control information 3 (AK, 62) to punch A (C, 43) 
Control information 2 (AK, 63) to co-selector 5 pick (R, 27) 
Control information 1 (AK, 64) to co-selector 8 pick (R, 30) 

Co-selector 5 common (W, 45) to punch plus (W, 42) 
Co-selector 5 normal (V, 45) to punch plus (V, 42) 

Co-selector 8 common (W, 60) to punch sign over units (W, 41) 
Co-selector 8 transferred (U, 60) to punch sign over units (V, 41) 
Hold co-selectors 5 and 8 (T, 27 and 30) to punch hold 
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A€”ENDIX H 

TABuLclToR SPACING CONTROL 

Digit 9 of the specif icat ion word used i n  conjunction with the  
PUNCH (1930) and RMPCH (1940) routines indicates  the number t h a t  w i l l  
be punched i n  column 80 of t he  f i r s t  output card. 
tabulator spacing according t o  the  following t a b l e  : 

This d i g i t  controls 

Digit i n  
c o l m  80 
of output 

card 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Tabulator spacing 

P r i n t  every l i n e .  
Skip t o  next sheet before pr int ing.  
Advance t o  next - hal f  sheet. 
Advance t o  next t h i r d  of a sheet. 
Advance t o  next quarter of a sheet. 
Advance t o  next f i f t h  of a sheet. 
Double space between l i n e s .  
Triple space between l ines .  
P r in t  i n  Bell  Trace format. 
P r i n t  properly spaced comments. 

m 
I cn rn 
00 
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APPENDIX I 

OFERATING INSTRUCTIONS 

I. Shrinking 

A. 533 Read-Punch unit: 

1. Inse r t  "Rocket" control panel. 
2. Ready read feed with "Shrinko" deck + SOAPed program 

3. Ready punch feed with blank cards. 
+ blank card. 

B. Se t  650 console according t o  table i n  t h i s  appendix. 
C. Press computer reset key. 
D, Press program start key. 
E. Press end of f i l e  key when read hopper empties. 

11. Loading Rocket Package and Program (shrunk or unshrunk) 

A. 533 Read-Punch un i t ;  

1. Inse r t  "Rocket" control panel. 
2. Ready read feed with Rocket Package + drum-core clearing 

3. Ready punch feed with blanks. 
routine ( i f  desireiJ+trtransfer card. 

B. Se t  653 console according t o  table  i n  t h i s  appendix. 
C. Press computer rese t  key. 
D. Press program start key. 
E. Press end of f i l e  key when read hopper empties. 

Programmed stops t 

99 9999 9999: Entering the logarithm routine with zero o r  
negative argument, or entering the  square-root routine 
with a negative argument. 

Bell  card being read by the "Read-Check" rou- 
t i n e  has locat ion (cols. 6 t o  9 )  d i f fe ren t  from t h a t  i n  
'I spec i f  i c a t  ion" word. 

by "Red-Check" routine is greater  than the number of 
words punched on the  card. 

01 0002 1896: 

01 0003 1897 I Word count on B e l l  card (col, 10) being read 

Location 1503 contains the next order i n  the program t h a t  was 
t o  be executed after the  order t ha t  caused the  stop. 
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111. Tracing 

To s ta r t  t racing on any instruct ion,  proceed as follows: 

A. S e t  t he  address of t h e  order a t  which t rac ing  i s  t o  begin i n  
the "Address Selection" switches. 

B. Set control switch t o  "Address Stop." 
C .  When the machine stops j u s t  p r i o r  t o  executing the ins t ruc t ion  

on which t racing is  t o  begin, s e t  t he  storage entry switches t o  

00 xxxx 1999 

where XXX i s  copied from the  address se lec t ion  l i g h t s .  
D. Set  control switch t o  "Run." 
E. Push "Program Reset" (not - "Computer Reset"). 
F. Push ' 'Start." 

(NOTE: 
be done at  any time by turning d i g i t  1 of t he  storage entry switches 
from "9" t o  "8.") 

Transferring out of t rac ing  t o  normal program execution may 

TABLE 

Console Switch Set t ings for Shrinking 

and Rocket Package + Program Loading 

1 Switches Set t ing I 
Storage entry 

Programmed 
H a l f  cycle 
Address se lec t ion  
Control 
Display 
Overflow 
Error 

70 19511998 

s top 
Run 
(Not set)  
Run 
Program r e g i s t e r  
s top  
s top  

(NOTE: Before (1) loading the  unshrunk program with the  rocket 
package o r  ( 2 )  "Shrinking," make sure t h e  first and last  cards a re  
meaningful SOAP I1 output. 
t h a t  these cards have been assigned a card number (cols.  1 7  t o  20) by 
the SOAPing pass. ) 

This can most e a s i l y  be v e r i f i e d  by seeing 

. 
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